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@ This invention relates to a pressure sensor hav- 
ing an optimum structure when, fitted to a wall of a 
hydraulic apparatus such as an oil pressure pipe and 
a joint and consisting of a thin sheet-like diaphragm 
having a strain detection portion, and a support 
member for storing the diaphragm with a stepped 
hole structure and positioning it suitably. The inven- 
tion relates also to a production method of a pres- 
sure sensor, which produces a strain detection por- 
tion which is to be formed on the surface of a 
diaphragm, with the diaphragm of the pressure sen- 
sor formed with a thin sheet member, by utilizing 
effectively a semiconductor fabrication technique. 
The present invention relates also to a production 
method of a pressure sensor which joins and in- 
tegrates the diaphragm and the support member 
described above by diffused junction and at the 
same time, effects joining and crystallization of a 
semiconductor strain gauge by the heat-treatment at 
the time of the diffused junction. Furthermore, the 
present invention relates to a hydraulic apparatus 
equipped with a pressure sensor, which has a struc- 
ture wherein the pressure sensor is in advance as- 
sembled and is optimal for the environment of use. 



FIG. I 



1 4a 
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3 DESCRIPTION 



PRESSURE SENSOR, MANUFACTURE METHOD THEREOF AND 
HYDRAULIC EQUIPMENT WITH PRESSURE SENSOR 

TECHNICAL FIELD 
The present invention relates to a pressure sensor 
which has the structure suitable for mounting to components 
of hydraulic machines, i.e., hydraulic equipments such as 
hydraulic pipes and couplings (joints) for the hydraulic 
pipes, and which has a diaphragm positioned such that 
strain gauges in a strain detecting section provided on the 
diaphragm take an optimum location for high measurement 
accuracy, a pressure sensor manufacture method by which the 
pressure sensor can simply be manufactured in a mass 
quantity by utilizing the semiconductor manufacture tech- 
nology, and a hydraulic equipment which is produced wi th 
the structure allowing the pressure sensor to be incorpo- 
rated therein in advance for high practicability. 

BACKGROUND ART 
Pressure sensors are one sort of sensors contained in 
the category of stress sensors in a broad sense that con- 
ceptually includes strain sensors, torque sensors, load 
sensors, etc., and are employed for measuring a pressure 
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of a liquid, gas , etc. Such pressure sensors are often 
used as detector means for detecting working hydraul ic 
pressures at various mechanical components in hydraulic 
machines for civil engineering and construction, for 
example. Pressure sensors may have various types of the 
structure. A pressure sensor of the diaphragm type will be 
described below. 

The structure of a conventional diaphragm type pres- 
sure sensor is shown in Fig, 39. The pressure sensor 
comprises a metal-made diaphragm base 300 which is directly 
subjected to a pressure P, e.g., a hydraulic pressure, an 
insulating film 301 formed by the film forming technique, 
such as CVD, using silane gas or the like, four strain 
gauges 302 each of which has a resistance value changed 
dependent on a strain of the diaphragm caused by the pres- 
sure P, thin film conductors 302 serving as terminals for 
electric wiring, and a passivation film 304 which functions 

as a hermetic protection film. The metal-made diaphragm 

two 

base 300 is functionally divided into to/parts. One part 
is a diaphragm section 305 subjected to the pressure P for 
developing a strain dependent on the magnitude of the 
pressure, and another part is a tubular support section 306 
which functions to support the diaphragm section 305 and 
fix the pressure sensor at a certain mounting location. 
The diaphragm section 305 is formed at a top position of 
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the tubular support section 306 so as to close one end face 
thereof- The strain gauge 302 and the thin film conductors 
303 are covered by the passivation film 304 such as a SiN x 
or Si0 2 film. Wires 307, 307 are connected at their lower 
ends to the thin film conductors 303, 303, respectively, as 
viewed on the drawing. The other ends of the wires 307 are 
connected to an electrical measuring unit such as a voltage 
meter or ampere meter via lead vires, (.not shown) for 
electrical ly .measuring a strain developed in the diaphragm 
section 305. More speci f i cal ly , i n the no-load condition 
where the pressure P does not act on the diaphragm section 
305, the specific resistances of the strain gauges 302 
remain unchanged so that no potential difference occurs 
between the wires 307 and 307 and no current flows into the 
measuring unit. On the other hand, when a strain is de- 
veloped in the diaphragm section 305 upon being subjected 
to the pressure P, the specific resistances of the strain 
gauges 302 are changed to produce a potential difference 
between the wires 307 and 307, whereby the measuring unit 
can determine the pressure applied to the diaphragm section 
305. 

In the pressure sensor having the structure shown in 
Fig. 39, the diaphragm section 305 and the support section 
306 are integrally structured into the metal-made diaphragm 
base 300. Conventionally, however, there has also been 
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proposed a pressure sensor in which the diaphragm section 
305 and the support section 306 are structured as separate 
members, as disclosed in Japanese Utility Model Laid-open 
61 ( 1986) -137242 by way of example. In this type pressure 
sensor, the diaphragm section 305 is formed into a metal- 
made thin plate diaphragm as an independent member by 
itself, and then welded to a metal-made tubular-body as a 
support member* Taking into account the situation where 
the pressure sensor is practically used, the support sec- 
tion 306 is required in relation with the object to which 
the pressure sensor is mounted. Accordingly, even in the 
pressure sensor of the type that the diaphragm section 305 
and the support section 306 are structured as separate 
members, a support element for supporting a diaphragm is 
indispensable. A separate support member is necessarily 
added to the pressure sensor to finally provide substan- 
tially the same structure as that of the pressure sensor 
shown in Fig. 39. Then, the semiconductor manufacture 
technology is ^applied to a combined assembly of the thin 
plate diaphragm and the tubular member for forming semicon- 
ductor strain gauges on the upper surface of the diaphragm. 

The strain gauges 302 may be each a metallic strain 
gauge or semiconductor strain gauge. In particular, the 
semiconductor strain gauge has recently become widespread 
because it has a higher gauge rate, develops a larger 
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change in the resistance value dependent on a small mechan- 
ical strain, and hence provides higher accuracy in pressure 
measurement than the metallic strain gauge. The strain 
gauge 302 shown in Fig. 39 is a thin film semiconductor 
strain gauge formed on the upper surface of the insulating 
film 301. The strain gauge disclosed in Japanese Utility 
Model Laid-Open 61 (1986 )-137242 is also a semiconductor 
strain gauge, as mentioned above. The 1 s trai ri' gauge i s 
fabricated, for example, by forming a silicon thin film for 
the gauge, which includes an impurity such as phosphor or 
boron, on the i nsul a t i ng* f i 1 m 301 with the plasma CVD, and 
then patterning the silicon thin film with the photolithog- 
raphy, thereby to produce a piezo resistance element of 
which specific resistance is changed when strained upon 
receiving an external force. The thin film conductors as 
the terminals 303 are fabricated, for example, by forming 
thin films made of a high conductive material, such as 
gold, copper or aluminum, with the vacuum vapor deposition, 
and then forming patterns interconnecting the respective 
strain gauges 302 wi th the photolithography, thereby to 
constitute a Wheatstone bridge circuit. As described 
above, the insulating film 301, the strain gauges 302, the 
thin film conductors 303, and the passivation film 304 are 
all fabricated by application of the semiconductor manufac- 
ture technology. Thus, the semiconductor manufacture 
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technology is utilized in producing pressure sensors 
equipped with semiconductor strain gauges. 

Notwithstanding the above state of art, the pressure 
sensor having the structure of Fig„39 has faced a problem 
when directly forming the strain gauges 302 or the like on 
the upper surf ace. of the metal-made diaphragm base 300. 
Specifically, while the metal-made diaphragm base 300 has a 
thickness of about 3 - G mm, the strain detecting section 
including the strain gauges 302 and others is formed on the 
thin plate with a thickness less than 2 mm. Therefore, the 
thickness of the metal-made diaphragm base 300 imposes an 
obstacle to impede sufficient use of the semiconductor 
manufacture technology. Such a problem also occurs in the 
pressure sensor as disclosed in the above-cited Japanese 
Utility Model Laid-Open 6 1 ( 1 986 ) - 1 37242 in which the dia- 
phragm and the tubular body are fabricated* as separate 
members. Specifically, when the semiconductor manufacture 
technology is applied to fabricate the strain gauges, the 
diaphragm and the tubular body are combined into the* inte- 
gral structure. As with the above-mentioned prior art, 
therefore, the disclosed pressure sensor has a certain, 
substantial thickness, resulting in a similar problem that 
the semiconductor manufacture technology cannot sufficient- 
ly be utilized in fabricating the pressure sensor. 

There will now be explained another problem that the 
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conventional pressure sensors have difficulties in keeping 
high strain detecting sensitivity of the strain gauges in 
the diaphragm due to the specific structure thereof and 
the manufacture method restricted by that structure, as 
well as in positioning the strain gauges, which leads to 
the reduced positioning accuracy. 

In the pressure sensor shown in Fig. 39, the metal- 
made diaphragm base 300 is fabricated by machining into a 
substantially channel-like shape, in cross section, and the 
four strain gauges 302 are formed on a strain causing area 
of the diaphragm section 305. Since the strain gauges 302 

are each formed by the semiconductor film forming technolo- 

or equal to 

gy as a very thin film less than/ 2 /zm, the diaphragm sec- 
tion 305 requires to be formed to have a uniform thickness 
with high accuracy, in order to maintain capability of the 
semiconductor strain gauges 302 which are intrinsically 
endowed with high strain detecting sensitivity. But, it is 
difficult to meet such a requirement by the machining 
technique currently used. 

Further, for the purpose of effectively developing 
specific high strain detecting sensitivity, it is desired 
that the four strain gauges 302 are arranged with possibly 
maximum distances therebetween in the strain causing area 
presumably defined by the inner diameter of the tubular 
support section 306 on the upper surface of the pressure 
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diaphragm section 305.. With the conventional machining 
technique, however, round edges remain at the ceiling 
corners of a bore when the diaphragm base 300 is bored from 
the lower side in the drawing, as a result of which machin- 
ing accuracy cannot be enhanced. Therefore, " the strain 
causing area of the diaphragm section 305 cannot strictly 
be defined by only a dimension of the inner diameter of the 
support section 306, making it hard to position the strain 
gauge 302 with high accuracy. This necessarily results in 
that the strain gauges of the pressure sensor manufactured 
with the above-mentioned structure are lowered in position- 
ing accuracy. 

In the pressure sensor as disclosed in the above-cited 
Japanese Utility Model Laid-Open 61 CI 986 ) -137242 , the thin 
plate as a diaphragm and the tubular body as a support 
member are fabricated separately, followed by welding the 
thin plate and the tubular body to each other. The strain 
gauges are then formed on the upper surface of the thin 
plate. The thin plate can be machined so as to have a 
uniform thickness because it is singly fabricated from a 
thin plate member having a strain causing area. However, 
the thin plate is then joined by welding to the tubular 
body fabricated as a separate member, whereupon the strain 
causing area of the thin plate is deformed due to, e.g., 
heat applied in the welding step. The resulting error 



BP 0 381 775 A1 



makes it impossible to strictly define a dimension of the 
strain causing area in the final pressure sensor. There- 
fore, the strain gauges formed on the strain causing area 
are difficult to position with high accuracy, and lowered 
in the positioning accuracy. 

Considering pressure sensors from the standpoint of 
user with much importance paid to use of the pressure 
.sensors, there are problems as follow. In any case, the 
structure of a pressure sensor must be determined, taking 
into account circumstances of the location where it is 
to be mounted. In the normal mounted condition of the 
pressure sensor, the support member for supporting the 
diaphragm section is required to serve a double purpose of 
installing the diaphragm section and protecting it from 
any disturbance, i.e., a deforming force. Taking the 
conventional pressure sensor shown in Fig. 39 from such a 
viewpoint, since the diaphragm section 305 and the support 
section 306 are fabricated integrally into the metal-made 
diaphragm base 300 in advance by manufacturers without 
considering circumstances in which the pressure sensor is 
to be employed, it cannot be said that this type pressure 
sensor is convenient for users who attempt to utilize it. 
Furthermore, the form of the support section 306 of the 
metal-made diaphragm base 300 and the structure of the 
pressure sensor itself are generally standardized by manu- 
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facturers and not always optimum for circumstances, in which 
the pressure sensor is to be employed by the user. 

A first object of the present invention is to provide 
a pressure sensor and a manufacture method for the pressure 
sensor, which sensor has the structure that allows a strain 
causing area to be definitely defined on a diaphragm sub- 
jected to a pressure, and allows a plurality of semiconduc- 
tor strain gauges each having high detecting sensitivity 
to be formed on the strain causing area wi th pos i t i on i ng 
accuracy as high as enough to fully develop their own 
capability, and by which method the pressure sensor adopt- 
ing that structure can be manufactured in a mass quantity 
through the simple film forming process by effective use of 
the semiconductor manufacture technology. 

A second object of the present invention is to provide 
a pressure sensor which is structured such that a thin 
plate diaphragm is installed into a stepped bore of a 
metal-made support member to position the diaphragm by the 
stepped bore with high accuracy, and the diaphragm is 
firmly supported by the support member in mounting the 
pressure sensor to a hydraulic equi.pment or the like, 
thereby to make the pressure sensor adaptable for detection 
of a high pressure, and hence which has the optimum struc- 
ture for mounting to a wall of the hydraulic equipment 
because a fixing force is not directly applied to the 
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diaphragm even when the pressure sensor is fixed to the 
equipment wal 1 . 

A third object of the present invention is to provide 
a pressure sensor which is structured such that the pres- 
sure sensor has a single thin plate diaphragm including a 
strain detecting section formed of strain gauges and oth- 
ers, and different pressures are applied to the opposite 
sides^o-f A the. diaphragm, and hence whi ch can .ac.hi.eve. a . 
differential pressure sensor having good response and 
simple construction with the single diaphragm. 

A fourth object of the present invention is to provide 
a manufacture method for a pressure sensor with which the 
semiconductor manufacture technology is effectively applied 
to a diaphragm singly fabricated in the form of a thin 
plate, thereby permitting manufacture of a pressure sensor 
that a strain detecting section including semiconductor 
strain gauges and others is formed on a strain causing area 
of the diaphragm with high positioning accuracy, and which 
can simply manufacture such a pressure sensor having high 
positioning accuracy in a mass quantity. 

A fifth object of the present invention is to provide 
a manufacture method for a pressure sensor with which the 
pressure sensor can be produced through the simplified 
manufacture process by utilizing the semiconductor manufac- 
ture technology and also permitting diffusion bonding and 
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crystallization of amorphous strain gauges to be performed 
with single heat treatment. 

A sixth object of the present invention is to provide 
a hydraulic equipment with a pressure sensor which can be 
mounted with the simple construction and fabricated into 
the form presenting no problem in appearance, which makes 
it possible to freely select the position of measuring a 
hydraulic pressure, etc, and which can perform pressure 
measurement with high re 1 i ab i 1 i ty a t the reduced cost. 

SUMMARY OF THE INVENTION " 
A first pressure sensor according to the present 
invention is constructed such that the pressure sensor 
comprises a diaphragm shaped into the form of a thin plate, 
having a strain detecting section provided on one surface, 
and using at least one surface as a pressure receiving 
surface, and a support member having a larger-diameter bore 
and a smaller-diameter bore formed in continuous and coax- 
ial relation to the larger-diameter bore, wherein the 
larger-diameter bore receives the diaphragm, the inner wall 
surface of the larger-diameter bore determines an installed 
position of the diaphragm relative to the smaller-diameter 
bore in accordance with the positional relationship of 
limiting a position of the outer edge of the diaphragm, the 
smaller-diameter bore defines a dimension of a strain 
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causing area of the diaphragm, a stepped portion formed 
between the larger- diameter bore and the smaller-diameter 
bore provides a bonding surface to be bonded to the dia- 
phragm, and a pressure medium is introduced to the pressure 
receiving surface of the diaphragm placed in the larger- 
diameter bore. 

A second pressure sensor according to the present 
invention is constructed, in addition to the above .fiXS.t 
construction, such that the diaphragm is positioned rela- 
tive to the smaller-diameter bore by bringing the outer 
edge of the diaphragm into contact with the inner wall 
surface of the larger-diameter bore. 

A third pressure sensor according to the present 
invention is constructed, in addition to the above first 
construction, such that the diaphragm is shaped into the 
form of a rectangular thin plate, and the diaphragm is 
positioned in accordance with the positional relationship 
that the inner wall surface of the larger-diameter bore 
limits positions of respective apexes of the diaphragm. 

A fourth pressure sensor according to the present 
invention is constructed, in addition to the above first 
construction, such that the diaphragm is joined to the 
support member by an adhesive. 

A fifth pressure sensor according to the present 
invention is constructed, in addition to the above first 
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construction, such that the diaphragm and the support 
member are both made of a metallic material, and the dia- 
phragm is joined to the support member by diffusion bonding 
the peripheral surface of the diaphragm around the outer 
circumference of the strain detecting section to the sur- 
face of the stepped portion of the support member. 

A sixth pressure sensor according to the present 
invention is constructed such that the pressure sensor 
comprises two diaphragms each shaped into the form of a 
thin plate, having a strain detecting section provided on 
one surface, and using the other surface as a pressure 
receiving surface, and a support member having two pairs of 
larger-diameter bores and smal 1 er-d i ame ter bores formed in 
continuous and coaxial relation to the larger-diameter 
bores, wherein each of the two pairs of larger-diameter 
bores receives one of the two diaphragms, the inner wall 
surface of each larger-diameter bore determines an in- 
stall ed posi t ion of each diaphragm relative to each small- 
er-diameter bore in accordance with the positional rela- 
tionship of limiting a position of the outer edge of each 
diaphragm, each smaller-diameter bore defines a dimension 
of a strain causing area of each diaphragm, a stepped 
portion formed between each larger-diameter bore and 
each smaller-diameter bore provides a bonding surface to 
be bonded to each diaphragm, and pressure media under 
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different levels of pressure are introduced to the pressure 
receiving surfaces of the diaphragms placed in the larger- 
diameter bores, whereby the pressure sensor is constituted 
as a differential pressure sensor. 

A seventh pressure sensor according to the present 
invention is constructed such that the pressure sensor 
comprises a diaphragm shaped into the form of a thin plate,* 
having a s trai n . de tec t i ng section provi ded on one u surf ace , 
and using both one surface and the other surface as pres- 
sure receiving surfaces, and a support member having a 
larger-diameter bore and a smaller-diameter bore formed in 
continuous and coaxial relation to the larger-diameter 
bore, wherein the larger-diameter bore receives the dia- 
phragm, the inner wall surface of the larger-diameter bore 
determines an installed position of the diaphragm relative 
to the smaller-diameter bore in accordance with the posi- 
tional relationship of limiting a position of the outer 
edge of the diaphragm, the smaller-diameter bore defines a 
dimension of a strain causing area of the diaphragm, a 
stepped portion formed between the larger-diameter bore and 
the smaller-diameter bore provides a bonding surface to be 
bonded to the diaphragm, and pressure media under different 
levels of pressure are introduced to one surface and the 
other surface of the diaphragm placed in the larger- 
diameter bores, whereby the pressure sensor is constituted 
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as a differential pressure sensor. 

A first manufacture method for a pressure sensor 
according to the present invention comprises a diaphragm, 
forming step to form a thin plate diaphragm of a metallic 
material, an insulating film forming step to form an insu- 
lating film on one surface of the diaphragm near the center 
thereof, a silicon thin film forming step to form a silicon 
thin film in an amorphous state on the upper surface of the 
insulating film, a heat treating step to heat treat the 
amorphous silicon thin film for crystallization, a gauge 
pattern forming step to pattern the crystallized silicon 
thin film into strain gauges, and a joining step to join 
the diaphragm and a support member for receiving and posi- 
tioning the diaphragm to each other. 

A second manufacture method for a pressure sensor 
according to the present invention is provided by reversing 
the process sequence of the heat treating step and the 
gauge pattern forming step in the above manufacture method 
for the pressure sensor. 

A third manufacture method for a pressure sensor 
according to the present invention comprises a diaphragm 
forming step to form a thin plate diaphragm of a metallic 
material, an insulating film forming step to form an insu- 
lating film over one surface of the diaphragm, a silicon 
thin film forming step to form a silicon thin film in an 
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amorphous state on the upper surface of the insulating 
film, a heat treating step to heat treat the amorphous 
silicon thin film for crystallization, a gauge pattern 
forming step to pattern the crystallized silicon thin film 
into strain gauges, and a joining step to join the dia- 
phragm and a support member for receiving and positioning 
the diaphragm to each other. 

•A tour thf manuf ac ture method for a pressure sensor 
according to the present invention is provided by reversing 
the process sequence of the heat treating step and the 
gauge pattern forming step in the above manufacture method 
for the pressure sensor. 

A fifth manufacture method for a pressure sensor 
according to the present invention comprises a substrate 
fabricating step to fabricate a thin plate substrate of a 
metallic material, the substrate having any desired area 
enough to form a plurality of diaphragms, a mask placing 
step to place a mask on the thin plate substrate for defin- 
ing spaces in each of which a strain detecting section of 
each diaphragm is to be formed, an insulating film forming 
step to form an insulating film in each of the spaces 
defined by the mask on the upper surface of the thin plate • 
substrate, a silicon thin film forming step to form a 
silicon thin film in an amorphous state on the upper sur- 
face of each insulating film, a mask removing step to 
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remove the mask from the thin plate substrate, a heat 
treating step to heat treat each amorphous silicon thin 
film for crystallization, a gauge pattern forming step to 
pattern each crystallized silicon thin film into a plurali- 
ty of strain gauges, a severing step to sever the thin 
plate substrate for each set of the plural strain gauges 
for forming a plurality of diaphragms each provided with a 
strain detecting section, and a joining step to join the 
diaphragm and a support member for receiving and position- 
ing the diaphragm to each other* 

A sixth manufacture method for a pressure sensor 
according to the present invention is provided by reversing 
the process, sequence of the heat treating step and the 
gauge pattern forming step in the above manufacture method 
for the pressure sensor, 

A seventh manufacture method for a pressure sensor 
according to the present invention comprises a substrate 
fabricating step to fabricate a thin plate substrate of a 
metallic material, the substrate having any desired area 
enough to form a plurality of diaphragms, an insulating 
film forming step to form an insulating film on the upper 
surface of the thin plate substrate, a silicon thin film 
forming step to form a silicon thin film in an amorphous 
state on the upper surface of the insulating film, a heat 
treating step to heat treat the amorphous silicon thin 
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film for crystallization, a gauge pattern forming 1 step to 
pattern the crystallized silicon thin film into a plurality 
of strain gauges, a severing step to sever the thin plate 
substrate for each set of the plural strain gauges for 
forming a plurality of diaphragms each provided with a 
strain detecting section, and a joining step to join the 
diaphragm and a support member for receiving and position- 
ing the diaphragm to each other. 

An eighth manufacture method for a pressure sensor 
according to the present invention is provided by reversing 
the process sequence of the heat treating step and the 
gauge pattern forming step in the above manufacture method 
for the pressure sensor. 

A ninth manufacture method for a pressure sensor 
according to the present invention comprises a diaphragm 
forming step to form a thin plate diaphragm of a metallic 
material, an insulating film forming step to form an insu- 
lating film on one surface of the thin plate diaphragm 
near the center thereof, a silicon thin film forming step 
to form a silicon thin film in an amorphous state on the 
upper surface of the insulating film, a gauge pattern 
forming step to pattern the silicon thin film into a 
plurality of amorphous strain gauges, and a heat treating 
step lo concurrently heat treat a support member, the 
diaphragm and the amorphous strain gauges for joining the 
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diaphragm having the amorphous strain gauges patterned 
thereon and the support member for receiving and position- 
ing the diaphragm to each other by diffusion bonding, as 
well as crystallizing the amorphous strain gauges on the 
diaphragm. 

A tenth manufacture method for a pressure sensor 
according to the present invention comprises a substrate 
fabricating step to fabricate a thin plate substrate of a 
metallic material, the substrate having any desired area 
enough to form a plurality of diaphragms, a mask placing 
step to place a mask on the thin plate substrate for 
defining spaces in each of which a strain detecting section 
of each diaphragm is to be formed, an insulating film 
forming step to form an insulating film in each of the 
spaces defined by the mask on the upper surface of the thin 
plate substrate, a silicon thin film forming step to form a 
silicon thin film in an amorphous state on the upper sur- 
face of each insulating film, a mask removing step to 
remove the mask from the thin plate substrate, a gauge 
pattern forming step to pattern each silicon thin film into 
a plurality of strain gauges, a severing step to sever the 
thin plate substrate for each set of the plural amorphous 
strain gauges for forming a plurality of diaphragms each 
provided with a strain detecting section, and a heat treat- 
ing step to concurrently heat treat each support member, 
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each diaphragm and the amorphous strain gauges for joining 
each diaphragm having the amorphous strain gauges patterned 
thereon and each support member for receiving and position- 
ing each diaphragm to each other by -diffusion bonding, as 
well as crystallizing the amorphous strain gauges on each 
diaphragm. 

A hydraulic equipment with a pressure sensor according 
- to the present invention is constructed, in a hydraulic 
equipment having a wall of which inner surface is in 
contact with a hydraul i c f 1 uid , such that a pressure 
sensor installing bore formed to extend from the outer 
wall surface to the inner wall surface of the vail/ and a 
hydraulic fluid introducing bore formed in the wall to 
communicate the pressure sensor installing bore with the 
hydraulic fluid contact surface, wherein a pressure sensor 
comprising a diaphragm provided with a strain detecting 
section? and a support member for receiving and positioning 
the diaphragm is disposed in the pressure sensor installing 
bore, and the support member is fixedly held by a retainer 
member to fix the pressure sensor in the pressure sensor 
installing bore of the wall. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a vertical sectional view showing in en- 
larged scale the structure of a pressure sensor (a pressure 
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sensor in a broad sense, referred to as a pressure sensor 
unit hereinafter and in the following embodiments) accord- 
ing to the present invention; 

Fig. 2 is a bottom view of the pressure sensor unit 
shown in Fig, 1; 

Fig. 3 is a vertical sectional view showing the struc- 
ture of a pressure sensor in a narrow sense, with its 
strain detecting section enlarged; 

Fig. 4 is a circuit diagram showing the configuration 
of an electric circuit section in detail; 

Fig. 5 is a vertical sectional view showing a state 
where the pressure sensor unit is mounted onto a wall or 
the 1 ike; 

Fig. 6 is a sectional view taken along the line VI - 
VI in Fig. 5; 

Figs. 7 through 16 are process views showing one 
embodiment of a manufacture method for the pressure sensor 
according to the present invention; 

Fig. 17 is a vertical sectional view showing another 
embodiment of the pressure sensor according to the present 
invention; 

Figs. 18 through 23 are process views showing a manu- 
facture method for the pressure sensor shown in Fig. 17; 

Fig. 24 is a vertical sectional view showing another 
embodiment of the pressure sensor unit according to the 
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present invention; 

Fig. 25 is a vertical sectional view showing still 
another embodiment of the pressure sensor unit according to 
the present invention; 

Fig, 26 is a vertical sectional view showing yet 
another embodiment of the pressure sensor unit according to 
the present invention; 

Fig. 27 is a vert ical -sectional view showi,ng:>an embod- 
iment in which the pressure sensor unit according to the 
present invention constituted as a differential pressure 
sensor is mounted onto a wall or the like; 

Fig. 28 is a view similar to Fig. 27, showi ng . ano ther 
embodiment of the pressure sensor unit according to the 
present invention constituted as a differential pressure 
sensor; 

Fig. 29 is an enlarged view of a part of Fig. 28; 

Fig. 30 is a partial vertical sectional view showing.a 
modified embodiment of the differential pressure sensor 
shown in Fig. 28; 

Fig. 31 is a vertical sectional view showing a first 
embodiment of a hydraulic equipment with the pressure 
sensor according to the present invention; 

Fig. 32 is an enlarged plan view of a part of Fig. 31; 

Fig. 33 is a vertical sectional view showing a second 
embodiment of the hydraulic equipment with the pressure 
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sensor according to the present invention; 

Fig. 34 is an enlarged plan view of a part of Fig. 33; 

Fig. 35 is a side view showing a third embodiment of 
the hydraulic equipment with the pressure sensor according 
to the present invention; 

Fig. 36 is a sectional view of taken along the line 
XXXV - XXXV in Fig. 35; 

Fig. 37 is a side view showing a four.th embodiment of 
the hydraulic equipment with the pressure sensor according 
to the present invention; 

Fig. 38 is a sectional view of taken along the line 
XXXVII - XXXVII in Fig. 37; and 

Fig. 39 is a vertical sectional view showing the 
structure of a conventional pressure sensor. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Hereinafter, embodiments of the present invention will 
be described with reference to the accompanyi ng drawi ngs . 

In Fig. .1, designated by reference numeral 1 is a 
pressure sensor unit according to a first embodiment of the 
present invention. The pressure sensor unit 1 comprises a 
metal-made diaphragm 2 having a strain causing area at the 
center thereof, a metal-made support member 3 for holding 
the metal-made diaphragm 2 placed and installed in a lower 
portion of the support member 3, and an electric circuit 
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section 4 disposed in an upper portion of the support 
member 3, Thus, the pressure sensor unit 1 is comprised 
of the metal-made diaphragm 2, the metal-made support 
member 3 and the electric circuit section 4 as mentioned 
above, thereby constituting a pressure sensor in a broad 
sense* In the pressure sensor unit 1, a strain detecting 
section 2A comprised of semiconductor strain gauges and 
others is provided on -the upper surface of the metal-made 
diaphragm 2, Thus, the metal-made diaphragm 2 and the. 
strain detecting section 2A jointly constitute a pressure 
sensor 1A in a narrow sense. The support member 3 is 
substantially cylindrical in its external shape with a 
short axial length, and is formed in its portion along the 
central axis with a circular stepped bore 5 partially 
different in diameter. The support member 3 is generally, 
made of a metal. The bore 5 comprises three portions; a 
circular recessed larger-diameter bore 5a formed in the 
lower side, a smaller-diameter bore 5b formed at the cen- 
ter, and a circular recessed larger-diameter bore 5c formed 
in the upper side, as viewed on the drawing, these three 
bore portions 5a, 5c, 5b being formed in coaxial positional 
relationship. The larger-diameter bore 5a,.-provi des a 
space in which the metal-made diaphragm 2 is placed and in- 
stalled, the larger-diameter bore 5c provides a space in 
which the electric circuit section 4 is placed, and the 
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smaller-diameter bore 5b provides a space in which an 
electric wiring is inserted. Also, a circular ring-like 
groove 6 is formed to surround the larger-diameter bore 5a 
in the lower surface of the support member 3 as shown in 
Figs. 1 and 2. 

The, di aphragm 2 is disposed in the larger-diameter 
bore 5a of the support member 3, and formed of a metal-made 
thin plate which is about 0.05 - 2 mm thick and has a 
square plan shape as shown in Fig* 2 by way of example. 
The diaphragm 2 may be, for example, of a metal such as 
SUS630 or any other rigid plate material. In this example, 
the diaphragm 2 is fabricated such that the diagonal of the 
diaphragm 2 has a length almost equal to the diameter of 
the larger-diameter bore 5a, whereby the diaphragm 2 is 
tightly fitted to be placed and installed in the larger- 
diameter bore 5a. Furthermore, the diaphragm 2 is firmly 
fixed at a peripheral portion of the upper surface thereof 
to the step surface of the larger-diameter bore 5a via a 
joined portion 7 by diffusion bonding. The diaphragm 2 and 
the larger-diameter bore 5a have their axes aligned with 
each other in a state where the former is installed in the 
latter. 

With the above construction, the thin plate diaphragm 
2 is placed in the larger-diameter bore 5a of the support 
member 3 and, in this state, the outer corner edges, i.e., 



EP 0 381 775 A1 



wall surface of the larger-diameter bore 5a in positioning 
the diaphragm 2 in the support member 3. Even in a state 
where one or more apexes do not make contact, the strain 
causing area can be defined from the positional relation- 
ship relative to the smaller-diameter bore 5b, if the 
apexes of the diaphragm 2 are restricted in their positions 
by the inner wall surface based on the positional relation- 
ship between 'the respective* apexes and the inner wall 
surface of the larger-diameter bore 5a so that the dia- 
phragm 2 is placed within a given region in the larger- 
diameter bore 5a. Note that the plan form of the diaphraga 
2 is not limited to a square shape, and may have any other 
circular or polygonal shape. In the case of a circular 
shape, .the diaphragm has the circumferential edge* Al- 
though the diaphragm 2 has a thickness smaller than a depth 
of the larger-diameter bore 5a in the illustration of Fig. 
1, both the dimensions can be made equal to each other. 

Fig. 3 shows in enlarged scale the structure of the 
strain detecting section 2A formed on the upper surface of 
the diaphragm 2. As mentioned before, the diaphragm 2 and 
the strain detecting section 2A jointly constitute the 
pressure sensor 1A in a narrow sense. The strain detecting 
section 2A comprises an insulating film 8 formed on the 
upper surface of the diaphragm 2, four semiconductor strain 
gauges 9 (only two of which are shown) formed on the insu- 
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four apexes, of the diaphragm 2 contact the inner wall 
surface of the larger-diameter bore 5a, causing the dia- 
phragm 2 to be positioned in the larger-diameter bore 5a. 
As a result, the diaphragm 2 is high-accurately positioned 
in the support member 3 with respect to the smaller- 
diameter bore 5b formed in coaxial relation to the larger- 
diameter bore 5a, With the diaphragm 2 fixedly joined to 
the. step surface of the larger-diameter bore 5a, as men- 
tioned before, the remaining area of the diaphragm 2 which 
is not joined to the step surface serves as a strain caus- 
ing area. Since that step surface is determined by the 
smaller-diameter bore 5b, high positioning accuracy of the 
diaphragm 2 with respect to the smaller-diameter bore 5b 
allows the strain causing area of the diaphragm 2 to be 
strictly defined in its dimension by the smaller-diameter 
bore 5b with high accuracy. Thus, the construction of the 
pressure sensor unit 1 according to the present invention 
makes it possible to s trict ly determined a dimension of the 
strain causing area in the diaphragm 2 by their own struc- 
tures of the diaphragm 2 and the support member 3 which are 
designed to be adapted for the manufacture process of 
mounting the diaphragm 2 to the support member 3 and the 
accurate mounting thereof. 

In the foregoing, the apexes of the diaphragm 2 are 
not all necessarily brought into contact with the inner 
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lating film 8, thin film conductors 10 for terminals each 
associated with the strain gauge 9, wires 11 led out from 
the thin film conductors 10, and a passivation film 12 to 
cover the strain gauges 9, the thin film conductors 10 and 
others for protection. These components are all formed 
based on the semiconductor manufacture technology, as 
described later. The insulating film 8 is formed not all 
over the upper surface of the diaphragm, but over the 
region corresponding to the strain causing area so that a 
diaphragm surface 2a is exposed in the peripheral portion 
of the diaphragm 2. This diaphragm surface 2a serves as a 
bonding surface to be joined to the step surface of the 
larger-diameter bore 5a by diffusion bonding as mentioned 
above. The other construction and characteristics of the 
insulating film 8, the strain gauges 9, the thin film 
conductors 10, the wires 11 and the passivation film 12 are 
utterly the same as those of the prior art explained before 
in connection with Fig. 39, and hence not described here. 
With such structure of the pressure sensor, when a pressure 
P such as a hydraulic pressure is applied to the lower 
surface of the diaphragm 2 as shown in Fig. 1, a hydraulic 
fluid as a pressure medium produces a stain in the region 
corresponding to the stra.in causing area of the diaphragm 
2. And the four strain gauges 9 disposed in the optimum 
positional rel at ionship wi th respect to the strain causing 
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tion. Output voltages of the Wheatstone bridge circuit are 
taken out from the respective terminals of the resistors Rj 
and R 2 .* An operational amplifier 17 is associated with 
resistors 18 - 21 and variable resistors R 3 , R 4 , R g to 
constitute a differential amplifier. The output voltages 
of the Wheatstone bridge circuit are divided by the associ- 
ated resistors on the input side, and applied to a non- 
inverted input terminal and an inverted input terminal of 
the operational amplifier 17, respectively, so that a 
voltage corresponding to the differential voltage on the 
input side is amplified and issued from an output terminal 
15 of the operational amplifier 17. Among the variable 
resistors R 3> R 4 and R 5 , R 3 is of a resistor for offset ad- 
justment, and R 4 , R 5 are of resistors for gain adjustment. 
Thus, the electric circuit section 4 includes the amplifier 
circuit section, the plurality of adjusting resistors, and 
the three connection terminals; i.e., the source terminal 
14, the output terminal 15 and the ground terminal 16. As 
shown in Fig. 1, wiring leads 14a, 15a, 16a are connected 
to these connection terminals 14, 15, 16, respectively, and 
further led out to the exterior. The adjusting resistors 
are arranged in such a manner as to be easily adjusted from 
above the electric circuit section 4. The wires 11, 11 led 
out from the strain detecting section 2A formed on the 
diaphragm 2 are inserted through the smaller-diameter bore 
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5b and then connected to the electric circuit section 4 on 
the circuit substrate 13 after passing through a small bore 
formed in the circuit substrate 13. 

Fig. 5 is a vertical sectional view showing a state 
where the pressure sensor unit 1 having the structure shown 
in Fig. 1 is mounted onto a wall 22 of an equipment such as 
a hydraulic pipe. Referring to Fig. 5, designated by 
reference numeral 22a .is .an outer surface of the wall 22 
• and -22b is an inner surface thereof. The wall 22 is in the 
outer surface 22a with a circular recess 23 in which the 
support member 3 of the pressure sensor unit 1 is placed 
and installed, with a bore 24 -circular in cross section, 
for example, bored from the bottom surface of the recess 23 
to the inner surface 22b. Accordingly, the side of the 
recess 23 is communicated with the fluid (oil) passage side 
via the bore 24. The depth of the recess 23 is greater 
than the thickness of the support member 3. The support 
member 3 on which the diaphragm 2, the electric circuit 
section 4 and others have been mounted in accordance with 
the structure of the pressure sensor unit shown in Fig. 1 
is fitted in the recess 23 of the wall 22 for installation. 
A seal ring 25 for oil sealing is arranged in the ring-like 
groove 6 formed in the lower surface of the support member 
3. The support member 3 is then disposed in the recess 23 
by contacting the lower surface of the support member 3 
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with the bottom surface of the recess 23, while making the 
seal ring 25 abutted with the bottom surface of the recess 
23. In a state where the pressure sensor unit 1 is mounted 
onto the wall 22, as shown in Fig. 5, the lower surface, 
i.e., the pressure receiving surface, of the diaphragm 2 
faces the fluid passage via the bore 24 to be subjected to 
the pressure P. In Fig. 5, since the diaphragm 2 receiving 
the pressure from below is supported by the stepped portion 
of the larger-diameter bore 5a of the support member 3 and 
fixedly joined to the step surface by diffusion bonding, 
pressure detection can be performed even for a higher 
pressure. Fig. 6 is a sectional view taken along the line 
VI - VI in Fig. 5, and shows the arrangement on the upper 
surface of the diaphragm 2 square in a plan view. Refer- 
ring to Fig. 6, designated by 26 is an outline of the inner 
wall surface of the larger-diameter bore 5a, and 24 is 
the above-mentioned bore formed through the wall 22 in a 
position below the 'diaphragm 2. Four small rectangles 9 
indicate one example of the arranged copf i gurat i on of the 
strain gauges. 

Returning to Fig. 5, 27 is a retainer member for 
pressing and fixing. the pressure, sensor unit 1 installed in 
the recess 23 from the side of the outer surface 22a* The 
retainer member 27 is a circular plate-like member having a 
projection 27a to be fitted in the recess 23. The retainer 
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member 27 is fixed to the wall 22 by at least two bolts 28 
while making the projection 27a pressed against the support 
member 3. 29 is a threaded hole formed in the wall and 30 
is a bolt insertion hole formed through the retainer member 
27. The bolt insertion hole 30 includes a larger-diameter 
portion which receives a bolt head such that the head of a 
bolt 28 will not protrude from the hole 30 when it is 
screwed therein- Further, a stepped bore 31 is formed at 
the center of the retainer member 27, and the wiring leads 
14a, 15a, 16a led out from the electric circuit section 4 
of the pressure sensor unit 1 are taken out to the exterior 
through the bore 31. With the retaining structure effected 
by use of the retainer member 27, the pressing force pro- 
duced by the retainer member 27 is directly applied to the 
support member 3 of high strength and the diaphragm 2 is 
hence subjected to no adverse deforming forces, whereby 
pressure measuring accuracy can be maintained high. 

Next, a manufacture method for a structural subassem- 
bly comprising the diaphragm 2, the support member 3, the 
insulating film 8 and the strain gauges 9 will be described 
in detail in relation to the pressure sensor unit 1 shown 
in Fig. 1 , 

On the upper surface of the metal-made diaphragm 2 
fabricated into a thin plate shape as mentioned above, the 
insulating film 8 is formed as a thin film having a thick- 
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ness of about l - 20 jum by application of the fi lm forming 
technique such as CVD, vacuum vapor deposition or sputter- 
ing, using Si0 2 , SiC, SiN x or the like, for example, as 
with the prior art. In this case, the insulating film 8 is 
formed on the region corresponding to the strain causing 
area of the diaphragm 2 which has been Known to a maker or 
manufacturer, so that the peripheral portion of the dia- 
phragm. 2 remains free of the .insulating film 8- for* later; 
use as the bonding surface 2a. The semiconductor strain 
gauges 9 are formed on the upper surface of the insulating 
film 8 as follows. First, a silicon thin film in an amor- 
phous state is formed on the upper surface of the insulat- 
ing film - 8 by plasma -CVD, for example, while doping an 
impurity such as phosphor or boron. Then, the photolithog- 
raphy is applied to the silicon thin film to form patterns 
of the amorphous strain gauges. Afterward, heat treatment 
is applied so as to provide crystalline strain gauges. It 
is to be noted that although the strain gauges in an amor- 
phous state cannot function as strain gauges, the term 
••strain gauge (s)" is used regardless of an amorphous or 
crystalline state in this description and the attached 
claims for convenience of explanation and unification of 
terms. In the foregoing manufacture method, the patterning 
step and the heat treating step may be reversed in the 
process sequence. 



BP 0 381 775 A1 



In the pressure sensor unit 1 of the foregoing embodi- 
ment, heat treatment for diffusion bonding ^between the 
diaphragm 2 and the support member 3, and heat treatment 
for converting the strain gauges 9 on the upper surface of 
the diaphragm 2 from an amorphous state to a crystalline 
state can concurrently be performed by single heat treat- 
ment. The diffusion bonding is a technique to effect 
atomic bonding* between* the diaphragm 2 and the support 
member 3 both made of the same metallic material, for exam- 
ple, by abutting the bonding surface 2a of the diaphragm 2 
against the step surface of the larger-diameter bore 5a of 
the support member 3 with an insert of aluminum or the like 
interposed therebetween, and then heating the assembly for 
a certain period of time at a temperature not lower than 
550 °C, while being held in a pressurized state under the * 
atmosphere of vacuum or argon. This technique can provide 
a very high bond force. The diffusion bonding can also be 
made in the case where the diaphragm 2 and the support 
member 3 are formed not of the same material, but of dif- 
ferent or i nhomogeneous materials. Meanwhile, the strain 
gauges 9 in an amorphous state is crystallized at a temper- 
ature of 500 - 650 °C. Accordingly, the strain gauges 9 
can concurrently be crystallized and bonded in a single 
step by utilizing the heat treatment of the diffusion bond- 
ing for crystallization as well. 
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As described above, the diaphragm 2 is formed in 
advance in conformity with the bonding surface of the 
recess (larger-diameter bore) 5a in a state where the 
diaphragm 2 is placed and installed in the recess 5a of the 
support member 3 (diaphragm forming step); the insulating 
film 8 is formed on the upper surface of this diaphragm 2 
at a predetermined location (insulating film forming step); 
an amorphous_s U i con thin film is. formed on the upper sur- 
face of the insulating film 8 (silicon thin film forming 
step); and then amorphous strain gauges 9 are formed in 
patterns on this silicon thin film (gauge pattern forming 
step). Afterward, in order that the diaphragm 2 having the 
patterns of the amorphous strain gauges 9 formed thereon is 
fixedly joined to the support member 3 by diffusion bonding 
and the amorphous strain gauges 9 are crystallized, the 
support member 3, the diaphragm 2 and the amorphous strain 
gauge 9 are heat treated together (heat treating step), 
thereby fabricating the aforesaid structural subassembly of 
the pressure sensor unit 1. 

It is to be noted that the foregoing manner of heat 
treatment for crystallizing the amorphous silicon thin film 
has been proposed by the present inventors in Japanese 
Patent Application No. 63 ( 1 988 ) -2 41995 . As detailed in the 
specification of this pa.tent application, by heating an 
amorphous silicon film with a resistance value nearly close 
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to that of an insulator, a crystalline silicon thin film 
having the reduced resistance value and providing a piezo- 
resistance effect can be formed by the heat as treatment 
men t i oned above . 

Next, another embodiment of the manufacture method for 
the aforesaid structural subassembly of the pressure sensor 
unit 1 will be described with reference to Figs. 7 through 
16. This manufacture method is directed to produce the 
structural subassembly comprising the diaphragm 2, the 
insulating film 8 and the strain gauge 9. 

First, a metal-made thin plate substrate 32 shown in 
Fig. 7 is fabricated in a substrate fabricating step. This 
metal-made thin plate substrate 32 becomes the diaphragm 2 
later. The thin plate substrate 32 is formed into a thin 
plate shape with a thickness t^ of about 0.05 -2 mm using 
a metal material such as SUS630, for example. As described 
later, the substrate 32 has such a planar dimension as . 
enough to fabricate a multiplicity of diaphragms 2 at the 
same time. A metallic mask 33 is then fixedly placed on 
the upper surface of the thin plate substrate 32 as shown 
in a mask placing step of Fig. 8. Placing the metallic 
mask 33 defines a multiplicity of circular spaces on the 
upper surface of the thin plate substrate 32, each circular 
space corresponding to a region where the strain detecting 
section 2A is formed. 
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Fig. 9 shows an insulating film forming step. In this 
step, the insulating film 8 having a thickness t 2 of about 
1-20 jiim is formed in each of circular spaces defined by 
the metallic mask 33 on the upper surface of the thin plate 
substrate 32 by an appropriate film forming technique such 
as vacuum vapor deposition or sputtering, using Si0 2 i SiC, 

SiN x or the like. 

. Fig. 10 . shows a silicon thin film forming step. In 
this step, a silicon thin film 34 in an amorphous state of 
low crys tal 1 i ni ty is formed on each upper surface of the 
multiple insulating films 8 by doping phosphor or boron 
with plasma CVD, for example. After forming the silicon 
thin films, the metallic mask 33 is removed as shown in a 
mask removing step of Fig. 11. Then, a gauge pattern 
forming step is carried out to form or pattern the four 
amorphous strain gauges 9 on each silicon thin film 34 by 
photolithography as shown in Figs. 12 and 13. 

Figs. 13 and 14 show a severing step. In this step, 
the thin plate substrate 32 is severed as indicated by 
broken lines in Fig. 13 into pieces for every four amor- 
phous strain gauges 9 formed in the gauge pattern forming 
step, thereby fabricating the multiplicity of pressure 
sensors 1A each of which includes the diaphragm 2, the 
insulating film 8 and the four amorphous strain gauges 9. 

Then, Figs. 15 and 16 show a heat treating step for 
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diffusion bonding the support member 3 and the diaphragm 2 
and crystallizing the amorphous strain gauges 9. To pre- 
paratory for the diffusion bonding, as shown in Fig. 15, an 
insert material such as aluminum is first disposed or 
coated on either the step bonding surface of the large- 
diameter bore 5a of the support member 3 and the bonding 
surface 2a of the diaphragm 2, followed by closely contact- 
ing the support member 3 and the * di aphragm 2 inclusive of 
the strain detecting section with each other. At this 
time, the diaphragm 2 is placed and installed into the 
larger-diameter bore 5a of the support member 3 while being 
guided by the inner wall surface of the larger-diameter 
bore 5a for positioning. In a state where the diaphragm 2 
is installed in the larger-diameter bore 5a, the strain de- 
tecting section faces the smaller-diameter bore 5b in the 
optimum positional relationship. While Keeping the support 
member 3 and the diaphragm 2 in a closely contacted state, 
they are put in an electric furnace 36 equipped with a 
heater 35 and then heated for a certain period of time at a 
temperature not lower than 550 °C necessary for the diffu- 
sion bonding. This allows the support member 3 and the 
diaphragm 2 to be fixedly joined by atomic bonding, and the 
amorphous strain gauges 9 to be crystallized for conversion 
to the semiconductor strain gauges which have a piezo- 
resistance effect. Thus, the diffusion bonding between the 
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support member 3 and the diaphragm 2 and the crystalliza- 
tion of the semiconductor strain gauges 9 can be performed 
by single heat treatment, which leads to a reduction in 
both the number of manufacture steps and the production 
cost. It is also possible to fabricate a multiplicity of 
s train detecting sect ions at the same time using a thin 
plate substrate of large area, and hence to manufacture 
pressure sensors -with the-same qual i ty-i n* a- mass quantify. 

Fig. 17 shows a modified embodiment of the structure 
of the pressure sensor 1A which comprises the diaphragm 2 
and the strain detecting section 2A comprised of an insu- 
lating film 37, the semiconductor strain gauges 9, the thin 
film conductors 10 and the passivation film 12. In this 
embodiment, the insulating film is formed all over the 
upper surface of the diaphragm 2. The remaining construc- 
tion is identical to that shown in Fig. 3. The pressure 
sensor thus constructed is fixed to the stepped portion of 
the circular large-diameter bore 5a of the support member 3 
using an adhesive. This type pressure sensor is adopted in 
the case where the pressure to be detected is relatively 
low, because the bond force between the support member 3 
and the diaphragm 2 is weaker than that the case where they 
are fixedly joined by diffusion bonding. 

A manufacture method for the pressure sensor having 
that structure will be described with reference to Figs. 18 
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through 23. This manufacture method is basically the same 
as that explained above in connection with Figs. 7 through 
14. First, the circular metal-made thin plate substrate 32 
is fabricated in a substrate fabricating step (Fig. 18), 
and the insulating film 37 is formed all over the upper 
surface of the thin plate substrate 32 by the film forming 
technique in a insulating film forming step (Fig." 19). 
Then, an amorphous silicon thin film 38 is formed all over 
the upper surface of the insulating film 37 in a silicon 
thin film forming step (Fig. 20). Afterward, a gauge 
pattern forming step is carried out to form the silicon 
thin film 38 into patterns of the multiple amorphous strain 
gauges 9 by photolithography (Figs. 21 and 22). Each set 
of the gauge patterns is formed in a predetermined region 
which turns to the strain causing area of the diaphragm 2 
later. In a severing step, the thin plate substrate 32 and 
the insulating film 37 are severed as indicated by broken 
lines in Fig. 22 into pieces for every four amorphous 
strain gauges 9, thereby finally fabricating the multiplic- 
ity of pressure sensors 1A each of which includes the 
diaphragm 2, the i nsul a t i ng f i lm 37 and the amorphous 
strain gauges 9 (Fig. 23). Afterward, the thus-fabricated 
pressure sensors 1A shown in Fig. 23 are subjected to the 
above-mentioned heat treatment for crystallizing the amor- 
phous strain gauges 9. An adhesive is then applied to the 
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upper surface of the insulating film 37 at a predetermined 
location for fixing each of pressure sensors 1A to the 
support member 3. With the structure of the pressure 
sensor according, to this embodiment, the manufacture proc- 
ess is simplified owing to no need of using a metallic 
mask. Also, the bonding method is easier because the 
support member 3 and the diaphragm 2 are bonded to each 
p ther using an adhes i ye . ? , ^ « 

Other modified embodiments of the pressure sensor unit 
1 will be described with reference to Figs. 24 through 26. 

Fig* 24 shows a part of the pressure sensor unit 1. 
The pressure sensor unit 1 comprises a flat plate base 39 
which has a lower surface 39a as a fluid contact surface 
brought into contact with the hydraulic fluid, as viewed on 
the drawing, and which is formed with a larger-diameter 
stepped portion 39c and a smaller-diameter bore portion 39d 
formed concentrically ranging from the fluid contact 
surface 39a to the opposite surface 39b, and a diaphragm 2 
which is circular, for example, and fitted in the larger- 
diameter stepped portion 39c of the base 39. The base 39 
may be of, for example, a wall of hydraulic equipments such 
as hydraulic pipes, couplings, hydraulic pumps and hydrau- 
lic motors, the wall being brought into contact with the 
hydraulic fluid. After a strain detecting section 2A has 
been formed on the upper surf ace- of the diaphragm 2, as 
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viewed on the drawing, the diaphragm 2 is fixed to the 
larger-diameter stepped portion 39c of the base 39 by 
diffusion bonding or an adhesive, for example, such that 
the strain detecting section 2A is received in the 
smaller-diameter bore portion 39d of the base 39* Thus, in 
this embodiment, the base 39 serving as a support member is 
substituted by a wall of hydraulic equipments contacting 
the hydraulic fluid. 

Further, in this embodiment, while the structure of 
the strain detecting section 2A comprising an insulating ^ 



10, a passivation film 12 and wires 11 is the same as that 
of the embodiment shown in Fig. 3, the surrounding struc- 
ture is different from that of the foregoing embodiment* 
More specifically, designated by 40 is a cover made of (f 
synthetic resin and formed into a tubular shape equipped 
with a lid. The cover 40 is fixed to the insulating film 8 
so as to cover the strain detecting section 2A, and has a 
plurality of wire insertion bores 41, 41 (two shown in the 
illustrated embodiment) formed through a top wall 40a 
thereof. 42, 42 are connection terminals fixed to the 
upper surface of the top wall 40a for respective connec- 
tions with a plurality of lead wires 44, 44. Connected to 
each of the plural connection terminals 42 is one end of % 
the corresponding wire 11. An electric circuit section;"a' 




film 8, semiconductor strain gauges 9, thin film conductors 
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measuring unit and others (not shown) are connected to the 
distal ends of the lead vires 44, 44. 

With the pressure sensor unit 1 having the above 
construction, it is possible to enhance the strength of the 
diaphragm as an important part of the pressure sensor 1A, 
and to precisely and easily position the strain detecting 
section 2A 'formed on the diaphragm 2 simply by fitting the 
diaphragm 2 in the : 1 arger-di aroet er stepped portion 39c of 
the base 39 to be placed and installed therein, like the 
foregoing embodiment. In addition, since the base 39 as a 
support member is directly constituted by a wall of hydrau- 
lic equipments, the pressure sensor unit 1 can be mounted 
in compact fashion. 

Fig. 25 is a view similar to Fig. 24, showing still 
another embodiment. In this embodiment, a snap ring 48 is 
interposed between the inner peripheral surface of the 
larger-diameter stepped portion 46c of the base 46 and the 
outer peripheral surface of a diaphragm 47 fabricated into 
a circular shape. Also, an O-seal ring 49 for oil sealing 
is disposed at the contact surface between the diaphragm 47 
and the base 46 to prevent the hydraulic fluid, etc. from 
entering the side of the strain detecting section 2A. The 
remaining construction is the same as that of the embodi- 
ment explained above by referring to Fig. 24. With this 
embodiment, in addition to the. effect of improving the 
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positioning accuracy as described in connection with the 
foregoing embodiments, the work of mounting the diaphragm 
47 onto the base 46 can be facilitated and the diaphragm 47 
can be removed for replacement of the strain detection 
section 2A, resulting in excellent operability for assem- 
bly, maintenance and other works. 

Fig. 26 shows a pressure sensor unit 1 fabricated 
into the more compact structure. Referring to Fig. 26, 
designated at 50 is a small-sized support member, 2 is a 
diaphragm placed and installed in a larger-diameter bore 
50a of the support member 50 and fixedly joined to the 
support member 50 by diffusion bonding or other means, and 
4 is an electric circuit section disposed on the upper 
surface of the support member 50. In this pressure sensor 
unit 1, a projected rim or flange 50b is formed all over 
the peripheral side, face of the support member 50, By 
utilizing the projected rim 50b, a cover member 51 doubling 
as a cover and a retainer member is held on the support 
member 50 by fitting or other means, while a seal ring 52 
is disposed in a space under the projected rim 50b as 
indicated by imaginary lines. The pressure sensor unit 1 
according to this embodiment can facilitate storage and 
handling, prevent damage of the electric circuit section, 
and can be attached to hydraulic equipments by easy mount- 
i ng work. 
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Fig. 27 is a view similar to Fig. 5, but showing a 
pressure sensor unit 100 basically different in the con- 
struction. The pressure sensor unit 100 of this embodiment 
is constructed such that it includes two pressure sensors 
1A, and the output difference between the two pressure 
sensors 1A is taken to produce an intended pressure signal. 
In other words, the pressure sensor unit 100 is constituted 
as a differential, pressure sensor . . I n Fi.g . .27, .the same • 
elements as those shown in Fig. 5 are designated by the 
same reference numerals. Specifically, 22 is a wall, 23 is 
a larger-diameter circular recess for receiving the pres- 
sure sensor unit 100, 27 is a retainer member for fixing 
the pressure sensor unit 100 in the recess 23 of the wall 
22, and 28 is a bolt for fixing the retainer member 27 to 
the outer surface of the wall 22. 53 is a support member 
for the pressure sensor unit 100 according to this embodi- 
ment. The support member 53 has a larger diameter than 
that of the support member 3 in the foregoing embodiment, 
and is structured so as to include the two pressure sensors 
1A. Accordingly, the above-mentioned larger-diameter bore 
5a for receiving and fixing a diaphragm 2 of each pressure 
sensor 1A is formed two in number in the lower surface of 
the support member 53, as viewed on the drawing. The 
surrounding structures of the two pressure sensors 1A are 
identical to each other, and designed as shown in Fig. 5. 
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Therefore, the support member 53 is provided with two 
smal ler-di ameter tores 5t # two ri ng-l ike grooves 6, and two 
seal rings 25. Thus, the pressure sensor unit 100 is 
constructed to provide the function of detecting a pressure 
at two locations. Meanwhile, corresponding to such struc- 
ture of the pressure sensor unit 100, the wall 22 is formed 
with two bores 24 for introducing a pressure such as a 
hydraulic pressure therethrough.: Pressure levels intro- 
duced to the bores 24, 24 are different from each other. 
The surrounding structure of a mount location for the 
electric circuit section 4, disposed in an upper portion of 
the support member 53, is substantially the same as that of 
the support member 3 in the foregoing embodiment, just 
except that the size is increased to some extent. However, 
the electric circuit section 4 is arranged so as to receive 
detection signals from the two pressure sensors 1A corre- 
sponding to the different levels of pressure, and output a 
signal dependent on the differential pressure. 

Fig. 28 shows a modified embodiment of the differen- 
tial pressure sensor which is constructed in accordance 
with the present invention. With the structure of a pres- 
sure sensor unit 200 constituted into a differential pres- 
sure sensor, a single pressure sensor 1A is employed to 
achieve the differential pressure sensor. In Fig. 28, 
designated by 54 is a part of a wall of hydraulic equip- 
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ments or the like, the wall 54 having inner wall surfaces 
54a and 54b subjected to different levels of hydraulic 
pressure. The inner wall surfaces 54a, 54b of the wall 54 
are formed with bores 24, 24a through which the hydraulic 
fluid is introduced, respectively. A larger-diameter bore 
. 55 formed with female threads on its inner surface is bored 
in an outer wall surface 54c of the wall 54 > and this bore 
55 is^ f ormed i.n . i ts . bp. ttom .wi,th a .smal l er-di.ame.ter bore ,57 
in which a support member 56 for holding the pressure 
sensor 1A is to be placed and installed. The support 
member 56 has a substantially columnar shape, and is formed 
with a larger-diameter bore 5a in its lower portion for 
receiving and fixing a diaphragm 2 of the pressure sensor . 
1A, a groove 58 in the peripheral side face for defining a 
fluid passage, and a bore 59 for a fluid passage in commu- 
nication with the upper surface side of the diaphragm 2 and 
the groove 58, as viewed on the drawing. The aforesaid 
bore 24 is communicated with the lower surface side of the 
diaphragm 2, and the bore 24a has an opening its left end 
positioned to face the groove 58, as viewed on the drawing. 
Accordingly, the hydraulic fluid contacting the inner wall 
surface 54a is introduced to the lower surface side of the 
diaphragm 2 via the bore 24, while the hydraulic fluid 
contacting the inner wall surface 54b is introduced to the 
upper surface side of the diaphragm 2 via the bore 24a, the 
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groove 58 and the bore 59. Further, an electric circuit 
section 4 is placed and installed in a recess 60 formed in 
the upper surface of the support member 56. Designated by 
61, 62, 63 are seal rings. Specifically, 61 is an O-seal 
ring disposed in a ring-like groove formed in the lower 
surface of the support member 56, and 62, 63 are seal rings 
disposed in circumferential grooves formed in the peripher- 
al side face of the support member, 

The structure of the pressure sensor 1A is basically 
identical to that explained before in connection with the 
foregoing embodiments. However, since the hydraulic fluid 
is also introduced to the upper surface side of the dia- 
phragm 2, a protective film 64 formed of SiNx or a molding 
film is provided to protect the strain detecting section 
formed on the upper surface of the diaphragm 2. With this 
embodiment thus constructed, the structure allowing differ- 
ent levels of pressure to exert on the upper and lower 
surfaces of the diaphragm 2 of the pressure sensor 1A makes 
it possible to directly detect the differential pressure 
therebetween. In other words, a differential pressure 
sensor excellent in response can be achieved by the single 
pressure sensor 1A by making the opposite surfaces of the 
metal-made diaphragm 2 subjected to pressures. A differen- 
tial pressure signal detected by the strain detecting 
section on the upper surface of the diaphragm 2 is led by 
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a plurality of wiring leads 65 to the electric circuit sec- 
tion 4 through a hermetic seal 66, and then processed by an 
amplifier and others in the electric circuit section 4. 
The hermetic seal 66 serves to prevent the hydraulic fluid 
from entering the side of the electric circuit section 4. 

Fig. 29 shows one example of the structure for fixing 
each wiring lead 65 to the upper surface of the diaphragm 
2. The wiring lead 65 Jhas. iAs lower^end f ixed./t.o the .upper 
peripheral surface of the diaphragm 2, and its lower por- 
tion coated by the protective film 64. The wiring lead 65 
is connected with the pin erecting structure, for example, 
such that a female pin receiver 68 is provided on the upper 
peripheral surface of the diaphragm 2 by soldering at 67, 
and the lower end of the wiring lead 65 is inserted into an 
opening of the female pin receiver 68 being exposed to the 
outside from the protective film 64. Accordingly, assembly 
is much simplified. Alternatively, the wiring lead .65 may 
simply be soldered. Note that 69 in Fig. 29 designates a 
thin film for the wiring. 

Wi th the structure shown in Fig. 28, the following 
advantageous effect is provided in addition to that of the 
present invention explained before in connection with the 
foregoing embodiments. Since the metal-made diaphragm 2 of 
the pressure sensor 1A is tightly held between the housing 
portion of the wall 54 for the support member 56 and the 
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stepped portion of the larger-diameter bore 5a of the 
support member 56, the support structure becomes very rigid 
and strong, making it possible to arbitrarily select a 
higher or lower pressure of the hydraulic fluid in applica- 
tion. Also, since this embodiment can constitute the 
differential pressure sensor by a single diaphragm, the 
number of parts is reduced to enable manufacture of the 
differential pressure sensor unit with the smaller size. and 
the simplified structure. Note that on the upper side of 
the support member 56, a retainer member (not shown) is 
disposed to be meshed with the female threads of the bore 
55 and fixed therein for holding the support member 56, 
Fig. 30 shows an embodiment obtained by partially 
modifying the structure of the differential pressure sensor 
shown in Fig. 28. In this embodiment, the diaphragm sub- 
jected to pressures is modified in its shape. In Fig. 30, 
the same elements as those shown in Fig. 28 are designated 
by the same reference numerals. Specifically, in Fig. 30, 
designated by 54 is a wall, 54a is an inner wall surface, 
24 is a bore for introducing the hydraulic fluid, 56 is a 
support member, 59 is a bore for a fluid passage, 65 is a 
wiring lead, and 66 is a hermetic seal. The peripheral 
portion not shown in Fig. 30 is constructed similarly to 
that shown in Fig. 28 except that the seal ring 61 is not 
used in the former as describer later. Referring to Fig. 
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30, 102 is a diaphragm according to this embod imen t . The 
diaphragm 102 is of a metal-made diaphragm fabricated by 
machining* The diaphragm 102 has a strain causing portion 
102a in its top plate part, and a strain detection section 
provided on the strain causing portion 102a while being 
protected by a protective film 64, the upper and lower 
surfaces of the strain causing portion 102a being employed 
as pressure^ receivangsrurfaces^. , The part of. the .diaphragm 
102 extending downward from the periphery of the strain 
causing portion 102a is formed into a tubular portion 102b 
continuous to and integral" with the strain causing portion 
102a. The tubular portion 102b supports the strain causing 
portion 102a. The upper surface of the tubular portion 
102b is constituted as a strain not-causing area, and the 
wiring leads 65 are connected to the strain not-causing 
area. A stepped portion 102c is formed in the lower and 
outer peripheral surface of the tubular portion 102b, as 
viewed on the drawing. The diaphragm 102 having such 
configuration is fitted in a larger-diameter bore 5a of the 
support member 56 to be placed and installed therein for 
fixing to the step surface by diffusion bonding or an 
adhesive. In assembly, as shown in Fig. 30, the diaphragm 
102 is set such that the fore ends of the tubular portion 
102b are located in a larger-diameter bore 24a of the bore 
24 of the wall 54, and an annular space is defined by the 
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aforesaid stepped portion 102c and the stepped portion 
given by the larger-diameter bore 24a. An O-seal ring 103 
is disposed in the annular space. With such assembled 
structure, the bore 24 for introducing the hydraulic fluid 
is communicated with an inner side space of the diaphragm, 
and the hydraulic fluid is applied to the lower surface of 
the strain causing portion 102a. On the other hand, the 
hydraulic fluid at a different pressure is introduced via. 
the fluid passage 59 to a space defined above the strain 
causing portion 102a and applied to the upper surface of 
the strain causing portion 102a. By thus applying differ- 
ent levels of pressure to the upper and lower surfaces of 
the metal-made diaphragm 102, the differential pressure 
therebetween can be detected by the strain detecting sec- 
tion. Not that since the seal ring 103 is disposed in the 
distal peripheral end of the tubular portion 102b of the 
diaphragm 102 as mentioned above, there is no need of 
providing the seal ring 61 shown in Fig. 28. The differen- 
tial pressure sensor according to this embodiment also 
makes it possible to constitute a differential pressure 
sensor using a single diaphragm, as with the embodiment 
shown in Fig. 28. 

Next, a coupling for a hydraulic pipe and a hydraulic 
pipe itself which have previously mounted thereon any of 
the pressure sensor units explained in the foregoing embod- 
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iments, will be described. 

Fig. 31 shows a first embodiment of such a coupling, 
and Fig. 32 is a plan view of a part of the coupling.- 
Illustrated in this embodiment is the coupl i ng whi ch mounts 
thereon the pressure sensor unit 1 having the structure 
shown in Fig. 5. In Figs. 31 and 32, the essentially same 
elements as those shown in Fig. 5 are designated by the 
same reference, numerals,., JO, ,is a bush i ng. adapted to. -.couple 
a pair of hydraulic pipes different in diameter. The inner 
circumference of the bushing 70 gives a fluid contact 
surface 70a in the form of a flat circumferential surface, 
thereby defining a fluid passage 71. Furthermore, larger- 
diameter female threads 72, 73 are formed on the inner 
circumferential surface of the bushing .70 at the axially 
opposite end portions thereof. 

Designated by 23 is a circular bore formed in an outer 
circumferential surface 70b of the bushing 70 for install- 
ing the pressure sensor unit 1 therein, 74 is a circular 
bore for installing the aforesaid retainer member 27 there- 
in, 28, 28 are bolts for fixing the retainer member 27 in 
place, 29, 29 are threaded bores in which the bolts 28, 28 
are screwed for fastening, and 24 is a bore open to the 
fluid contact surface 70a for introducing the hydraulic 
fluid. As shown in Fig. 32, each bolt 28 has a hexagonal 
slot 28a formed in its top surface. A diaphragm 2 set in 
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the pressure sensor unit 1 is subjected to a hydraulic 
pressure via the bore 24 for introducing hydraulic fluid. 
In this way, the pressure sensor unit 1 is mounted or 
assembled into the wall of the. bushing 70 from the outer 
circumference side and fixed by the retainer member 27. 
In the drawings, a measuring unit and so on are not illus- 
trated. 

■ The bushing 70 thus constructed provides the structure 
in which the pressure sensor capable of detecting a pres- 
sure of the hydraulic fluid passing through the fluid 
passage 71 is incorporated into the bushing 70 in advance, 
and the pressure sensor unit 1 and the retainer member 27 
are completely buried in the wall of the bushing 70, there- 
by enabling to surely prevent rocks, earth and sand, etc. 
from damaging the pressure sensor. Further, only by re-.' 
placing the conventional bushing equipped with no pressure 
sensor by the bushing 70 of this embodiment, the pressure 
sensor can be mounted without changing the entire length of 
hydraulic pipes, and the mounting work is very simple. In 
addition, the measuring point of a hydraulic pressure can 
be selected freely and easily by modifying a position at 
which the bushing 70 is connected to the hydraulic pipes. 

Figs. 33 and 34 show another embodiment of the cou- 
pling. In this embodiment, the same elements as those 
shown in Fig. 31 are designated by the same reference 
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numerals and not described here. This embodiment is dif-. 
ferent from the foregoing embodiment in a retainer member 
for holding the support member 3 of the pressure sensor 
unit 1 . More specifically, a bore 75 for installing the 
retainer member therein is formed as a larger-diameter 
female threaded bore in an upper portion of the installa- 
tion bore 23 for the pressure sensor unit 1, as viewed on 
t,h,e drawing, and a retainer member. .76 having .made .threads 
formed in its outer circumferential surface is screwed into 
the threaded bore 75 for mounting. In the outer end face 
of the retainer member 76, as shown in Fig. 34, there are 
provided two bores 76a for rotating the retainer member 76. 
Further, a penetration bore 76b is formed through a shaft 
portion of the retainer member 76, and lead wires of the 
electric circuit section 4 disposed in an upper portion of 
the pressure sensor unit 1 are drawn via the bore 76b. 
Afterward, the bore 76b is sealed off. 

Figs. 35 and 36 show an embodiment in which the pres- 
sure sensor unit according to the present invention is 
mounted to a flange portion of a hydraulic pipe. The 
mounted pressure sensor is assumed to have the structure 
shown in Fig. 5. Designated by 77 is a hydraulic pipe with 
a flange, which comprises a pipe portion 77a and a flange 
portion 77b and has the inner circumference serving as a 
fluid contact surface 77c. 23 is a bore formed radially 
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from the outer circumferential surface of the pipe portion 
77a inward and employed for installing the pressure sensor 
unit 1 therein. 24 is a bore for introducing the hydraulic 
fluid. 78 is a holder vertically provided in concentrical 
relation to the installation bore 23, and formed with 
female threads 78a in an upper-half portion of its inner 
circumferential surface, A retainer member 79 for holding 
and fixing the pressure sensor unit 1 is screwed into the 
female threads 78a. 

With the above embodiment, the hydraul i c pressure can 
be measured at an arb i trary pos i t i on by mounting the flange 
equipped hydraulic pipe 77 including the pressure sensor 
unit 1 at any desired location of hydraulic pipes. 

Figs. 37 and 38 show an embodiment in which the pres- 
sure sensor unit according to the present invention is 
mounted to a flange portion 80b of a flange equipped hy- 
draulic pipe 80 which comprises a hydraulic pipe 80a and 
the flange portion 80b. In this embodiment, the flange 
portion 80b is formed with a bore 23 for installing the 
pressure sensor unit 1 therein, and a female threaded bore. 
82 coaxial ly formed with the bore 23 for receiving a re- 
tainer member 81 adapted to fix the pressure sensor unit 1 
installed. Note that 24 is a. bore for introducing the 
hydraulic fluid and 80c is a fluid contact surface. 

Although the pressure sensors according to the forego- 
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ing embodiments have been explained as mainly measuring a 
hydraulic pressure, it should be understood that the 
present invention is also similarly applicable to a pres- 
sure of other liquid or gas. 

INDUSTRIAL APPLICABILITY 
The pressure sensor and the hydraulic equipment with 
the pressure sensor according to the, present invention have 
the. structure ' .op.t Lmum to ~be .mount,ed~an or -incorporated? in 
or assembled, wi th hydraulic equipments and the like for 
civil engineering and construction machines, and make it 
possible to improve positioning accuracy- of respective 
components such as a diaphragm, facilitate mounting or 
assembly, and improve accuracy of measuring a pressure. 
With the manufacture method for the pressure sensor accord- 
ing to the present invention, the semiconductor manufacture 
technology can be utilized effectively. 
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WHAT IS CLAIMED IS: 

1. A pressure sensor comprising a diaphragm shaped into 
the form of a thin plate, having a strain detecting section 
provided on one surface, and using at least one surface as 
a pressure receiving surface, and a support member having a 
larger-diameter bore and a smaller-diameter bore formed in 
continuous and coaxial relation to said larger-diameter 
bore, wherein said larger-diameter bore receives said 
diaphragm, the inner wall surface of said larger-diameter 
bore determines an installed position of said diaphragm 
relative to said smaller-diameter bore in accordance with 
the positional relationship of limiting a position of the 
outer edge of said diaphragm, said smaller-diameter bore 
defines a dimension of a strain causing area of said dia- 
phragm, a stepped portion formed between said larger- 
diameter bore and said smaller-diameter bore provides a 
bonding surface to be bonded to said diaphragm, and a 
pressure medium is introduced to the pressure receiving 
surface of said diaphragm placed in said larger-diameter 
bore. 

2. A pressure sensor according to claim 1, wherein said 
diaphragm is positioned relative to said smaller-diameter 
bore by bringing the outer edge of said diaphragm into 
contact with the inner wall surface of said larger-diameter 
bore. 
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3. A pressure sensor according to claim l f wherein said 
diaphragm is shaped into the form of a rectangular thin 
plate, and said diaphragm is positioned in accordance with 
the positional relationship that the inner wall surface of 
said larger-diameter bore limits positions of respective 
apexes of said diaphragm, 

4* A pressure sensor according to claim 1, wherein said 
diaphragm is, joined, .to. s*aid ^suppor t —member-by-an-adhesive. 
5* A pressure sensor according to claim 1, wherein said 
diaphragm is joined to said support member by diffusion 
bonding the peripheral surface of said diaphragm around the 
outer circumference of said strain detecting section to the 
surface of said stepped portion of said support member. 

6. A pressure sensor according to claim 1, wherein said 
support member is a wal 1 in contact with a pressure medium 
for a hydraulic equipment. 

7. A pressure sensor according to claim 1, wherein said 
support member is arranged to receive and install therein 
an electric circuit section for processing a detection 
signal output from said strain detecting section. 

8. A pressure sensor comprising two diaphragms each 
shaped into the form of a thin plate, having a strain 
detecting section provided on one surface, and using the 
other surface as a pressure receiving surface, and a sup- 
port member having two pairs of larger-diameter bores and 
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smaller-diameter bores formed in continuous and coaxial 
relation to said larger-diameter bores, wherein each of 
said two pairs of larger-diameter bores receives one, of 
said two diaphragms, the inner wall surface of each said 
larger^diameter bore determines an installed position of 
each said diaphragm relative to each said smaller-diameter 
bore in. accordance with the positional relationship of 
limiting a posi tion of the outer, edge of each said dia- 
phragm, each said smaller-diameter bore defines a dimension 
of a strain causing area of each said diaphragm, a stepped 
portion formed between each said larger-diameter bore and 
each said smaller-diameter bore provides a bonding surface 
to be bonded to each said diaphragm, and pressure media 
under different levels of pressure are introduced to the 
pressure receiving surfaces of said diaphragms placed in 
said larger-diameter bores, whereby said pressure sensor is 
constituted as a differential pressure sensor. 
9. A pressure sensor comprising a diaphragm shaped into 
the form of a thin plate, having a strain detecting section 
provided on one surface, and using both one surface and the 
other surface as pressure receiving surfaces, and a support 
member having a larger-diameter bore and a smaller-diameter 
bore formed in continuous and coaxial relation to said 
larger-diameter bore, wherein said larger-diameter bore 
receives said diaphragm, the inner wall surface of said 
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larger-diameter bore determines an installed position of. 
said diaphragm relative to said smaller-diameter bore in 
accordance with. the pos i t i onal rel a t i onsh i p of limiting a 
position of the outer edge of said diaphragm, said smaller- 
diameter bore defines a dimension of a strain causing area 
of said diaphragm, a stepped portion formed between said 
larger- diameter bore and said smaller-diameter bore pro- 
vides , a bonding surf acer.to ^beobonded-^to. saidwddaphragm,- and 

pressure media under different levels of pressure are 
introduced to one surface and the other surface of said 
diaphragm placed in said larger-diameter bores, whereby 
said pressure sensor is constituted as a differential 
pressure sensor. 

10. A manufacture method for a pressure sensor comprising 
a diaphragm forming step to form a thin plate diaphragm of 
a metallic material, an insulating film forming step to 
form an insulating film on one surface of said diaphragm 
near the center thereof, a silicon thin film forming step 
to form a silicon thin film in an amorphous state on the 
upper surface of said insulating film, a heat treating step 
to heat treat said amorphous silicon thin film for crystal- 
lization, a gauge pattern forming step to pattern said 
crystallized silicon thin film into strain gauges, and a 
joining step to join said diaphragm and a support member 
for receiving and positioning said diaphragm to each other. 
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11. A manufacture method for a pressure sensor comprising 
a di aphragm' forming step to form a thin plate diaphragm of 
a metallic material, an insulating film forming step to 
form an insulating film on one surface of said diaphragm 
near the center thereof, a silicon thin film forming step 
to form a silicon thin film in an amorphous state on the 
upper surface of said insulating film, a gauge pattern 
forming step to pattern said silicon thin film into strain 
gauges, a heat treating step to heat treat said amorphous 
strain gauges for crystallization, and a joining step to 
join said diaphragm and a support member for receiving and 
positioning said diaphragm to each other. 

12. A manufacture method for a pressure sensor comprising 
a diaphragm forming step to form a thin plate diaphragm of 
a metallic material, an insulating film forming step to 
form an insulating film over one surface of said diaphragm, 
a silicon thin film forming step to form a silicon thin 
film in an amorphous state on the upper surface of said 
insulating film, a heat treating step to heat treat said 
amorphous silicon thin film for crystallization, a gauge 
pattern forming step to pattern said crystallized silicon 
thin film into strain gauges, and a joining step to join 
said diaphragm and a support member for receiving and 
positioning said diaphragm to each other. 

13. A manufacture method for a pressure sensor comprising 
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a diaphragm forming step to form a thin plate diaphragm of 
a metallic material, an insulating film forming step to 
form an insulating film over one surface of said diaphragm, 
a silicon thin film forming step to form a silicon thin 
film in an amorphous state on the upper surface of said 
insulating film, a gauge pattern forming step to pattern 
said crystallized silicon thin film into strain gauges, a. 
heat treating :s tep -to . hea t treat said amorphous- strain - 
gauges for crystallization, and a joining step to join said 
diaphragm and a support member for receiving and position- 
ing said diaphragm to each other, 

14. A manufacture method for a pressure sensor comprising 
a substrate fabricating step to fabricate a thin plate 
substrate of a metallic material, said substrate having any 
desired area enough to form a plurality of diaphragms, a 
mask placing step to place a mask on said thin plate sub- 
strate for defining spaces in each of which a strain de- 
tecting section of each said diaphragm is to be formed, an 
insulating film forming step to form an insulating film in' 
each of said spaces defined by said mask on the upper 
surface of said thin plate substrate, a silicon thin film 
forming step to form a silicon thin film in an amorphous 
state on the upper surface of each said insulating film, a 
mask removing step to remove said mask from said thin plate 
substrate, a heat treating step to, heat treat each said 
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amorphous silicon thin film for crystallization, a gauge 
pattern forming step to pattern each said crystallized 
silicon thin film into a plurality of strain gauges, a 
severing step to sever said thin plate substrate for each 
set of said plural strain gauges for forming a plurality of 
diaphragms each provided with a strain detecting section, 
and a joining step to join said diaphragm and a support 
member for receiving and positioning said diaphragm to each 
other. 

15. A manufacture method for a pressure sensor comprising 
a substrate fabricating step to fabricate a thin plate 
substrate of a metallic material, said substrate having any 
desired area enough to form a plurality of diaphragms, a 
mask placing step to place a mask on said thin plate sub- 
strate for defining spaces in each of which a strain de- 
tecting section of each said diaphragm is to be formed, an 
insulating film forming step to form an insulating film in 
each of said spaces defined by said mask on the upper 
surface of said thin plate substrate, a silicon thin film 
forming step to form a silicon thin film in an amorphous 
state on the upper surface of each said insulating film, a 
mask removing step to remove said mask" from said thin plate 
substrate, a gauge pattern forming step to pattern each 
said crystallized silicon thin film into a plurality of 
strain gauges, a heat treating step to heat treat said 
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plural amorphous strain gauges f or . crys t al 1 i za t i on , a 
severing step to sever said thin plate substrate for each 
set of said plural strain gauges for forming a plurality of 
diaphragms each provided with a strain detecting section, 
and a joining step to join said diaphragm and a support 
member for receiving and positioning said diaphragm to each 
other, 

,16..;. A. manufacture . methods for ra^ pressure sensor ♦ compr i s4 ng 
a substrate fabricating step to fabricate a thin plate 
substrate of a metallic material, said substrate having any 
desired area enough to form a plurality of diaphragms, an 
insulating film forming step to form an insulating film on 
the upper surface of said thin plate substrate, a silicon 
thin film forming step to form a silicon thin film in an 
amorphous state on the upper surface of said insulating 
film, a heat treating step to heat treat said amorphous 
silicon thin film for crystallization, a gauge pattern 
forming step to pattern said crystallized silicon thin film 
into a plurality of sitrain gauges, a severing step to sever 
said thin plate substrate for each set of said plural 
strain gauges for forming a plurality of diaphragms each 
provided with a strain detecting section, and a joining 
step to join said diaphragm and a support member for re- 
ceiving and positioning said diaphragm to each other. 
17. A manufacture method for a pressure sensor comprising 
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a substrate fabricating step to fabricate a thin plate 
substrate of a metallic material, said substrate having any- 
desired area enough to form a plurality of diaphragms, an 
insulating film forming step to form an insulating film on 
the upper surface of said thin plate substrate, a silicon 
thin film forming step to form a silicon thin film in an 
amorphous state on the upper surface of said insulating 
film, a gauge pattern forming step to pattern said silicon 
thin film into a plurality of strain gauges, a heat treat- 
ing step to heat treat said plural amorphous strain gauges 
for crystallization, a severing step to sever said thin 
plate substrate for each set of said plural strain gauges 
for forming a plurality of diaphragms each provided with a 
strain detecting section, and a joining step to join said 
diaphragm and a support member for receiving and position- 
ing said diaphragm to each other. 

18. A manufacture method for a pressure sensor comprising 
a diaphragm forming step to form a thin plate diaphragm of 
a metallic material, an insulating film forming step to 
form an insulating film on one surface of said thin plate 
diaphragm near the center thereof, a silicon thin film 
forming step to form a silicon thin film in an amorphous 
state on the upper surface of said insulating film, a gauge 
pattern forming step to pattern said silicon thin film into 
a plurality of amorphous strain gauges, and a heat treating 
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step to concurrently heat treat a support member, said 
diaphragm and said amorphous strain gauges for joining said 
diaphragm having said amorphous strain gauges patterned 
thereon and said support member for receiving and position- 
ing said diaphragm to each other by diffusion bonding, as 
well as crystallizing said amorphous strain gauges on said 
di aphragm. 

19. .-A manufacture method- for ; a- pressure- sensor*; compr i s i ng 
a substrate fabricating step to fabricate a thin plate 
substrate of a metallic material, said substrate having any 
desired area enough to form a plurality of diaphragms, a 
mask placing step to place a mask on said thin plate sub- 
strate for defining spaces in each of which a strain de- 
tecting section of each said diaphragm is to be formed, an 
insulating film forming step to form an insulating film in 
each of said spaces defined by said mask on the upper 
surface of said thin plate substrate, a silicon thin film 
forming step to form a silicon thin film in an amorphous 
state on the upper surface of each said insulating film, a 
mask removing step to remove said mask from said thin plate 
substrate, a gauge pattern forming step to pattern each 
said silicon thin film into a plurality of strain gauges, a 
severing step to sever said thin plate substrate for each 
set of said plural amorphous strain gauges for forming a 
plurality of diaphragms each provided with a strain detect- 
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i ng section, and a heat treating step to concurrently heat 
treat each support member, each said diaphragm and said 
amorphous strain gauges for joining each said diaphragm 
having said amorphous strain gauges patterned thereon and 
each said support member for receiving and positioning each 
said diaphragm to each other by diffusion bonding, as well 
as crystallizing said amorphous strain gauges on each said 
d i aphragm. 

20. In a hydraulic equipment having a wall of which inner 
surface is in contact with a hydraulic fluid, a hydraulic 
equipment with a pressure sensor comprising a pressure 
sensor installing bore formed to extend from the outer wall 
surface to the inner wall surface of said wall, and a 
hydraulic fluid introducing bore formed in said wall to 
communicate said pressure sensor i ns tal 1 i ng -bore .wi th . said 
hydraulic fluid contact surface, wherein a pressure sensor 
comprising a diaphragm provided with a strain detecting 
section and a support member for receiving and positioning 
said diaphragm is disposed in said pressure sensor install- 
ing bore, and said support member is fixedly held by a 
retainer member to fix said pressure sensor in said pres- 
sure sensor installing bore of said wall. 

21. A hydraulic equipment with a pressure sensor according 
to claim 20, wherein said hydraulic equipment is a hydrau- 
lic pipe . 



EP 0 381 775 A1 



22. A hydraulic equipment wi th a pressure sensor according 
to claim 20, wherein said hydraulic equipment is a hydrau- 

1 ic coupl ing. 

23. A hydraulic equipment with a pressure sensor according 
to claim 20, wherein said hydraulic equipment is a hydrau- 
lic pipe equipped with a flange, and said pressure sensor 
is incorporated into said flange* 
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